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Abstract 
 
One of the major contributing factors in many motor vehicle accidents is sleepiness. Sleepiness is a 
complex, multi-dimensional phenomenon which should be assessed by a set of methods. The purpose 
of the present study was to investigate if a set of combined indicators of sleepiness could be used as a 
fit-for-duty-test that was capable of assessing driver’s level of fitness. There were two devices used in 
this study, including the Psychomotor Vigilance Task (PVT) and Behavioral Observer Rated 
Sleepiness (B-ORS). Both devices were validated against subjective measures of sleepiness. Twelve 
participants (M ± SD; 35.6 ± 3.4 years) were asked to drive a car between two major cities (110 
kilometers apart) back and forth. Subjective ratings of sleepiness were reported every 20 minutes, 
while facial behavior was recorded continuously by a video camera (mounted on the dashboard). The 
PVT was administered before the task and after about an hour of driving, resulting in 6 PVT data.  
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Introduction 
Sleepiness related to driver impairment is known to be a major contributing factor in many motor vehicle 
crashes. Several studies indicate sleepiness is the probable cause of over 20% of all traffic accidents (e.g., 
Hanowski, Wierwille, & Dingus, 2003). There is also significant associations between sleepiness and increased risk 
of accident and injury (Williamson et al., 2011). Sleepiness has detrimental effects, such as poorer performance, 
slower reaction time, decreased situational awareness, and impaired judgment (Balkin et al., 2000; Van Dongen, 
Maislin, Mullington, & Dinges, 2003). Because of this high risk posed on transportation safety, it is important to 
develop an approach that can be used to assess, predict, dan detect sleepiness.  
Deboer (2018) defined sleepiness as a natural process influenced by circadian rhythm and sleep homeostatic. 
The circadian that drive to sleep is a biological clock measured in 24h that influences other internal neurobiological 
events such as hormone secretion (Williamson et al., 2011). Sleep homeostatic is the pressure in the body caused by 
prolonged wakefulness that drives someone to sleep (Deboer, 2018). The longer the duration of wakefulness, the 
higher the risk of accident in driving (Williamson et al., 2011). Homeostatic is also influenced by the quality of 
sleep which can be impaired if one has sleeping disorder, such as insomnia and sleep apnea syndrome (Smolensky, 
Di Milia, Ohayon, & Philip, 2011).  
Technological driver sleepiness prediction and detection system can be categorized into four groups: fit-for-
duty technologies, mathematical models of alertness dynamics joined with ambulatory technologies, vehicle-based 
performance technologies, and real time monitoring technologies (Dinges & Mallis, 1998). This differentiation of 
group aims to countermeasure sleepiness at different levels. This study was focused on fit-for-duty technologies and 
real time monitoring technologies.   
Fit-for-duty test is used for measuring driver’s fitness for duty, or the capacity of an individual to drive safely 
and without reaching severe levels of sleepiness (Ahlstrom et al., 2013). Baker, Ferguson, & Dawson (2002) 
described fitness for duty as a condition that driver is medically qualified to drive. There are several factors 
influencing the fitness level of driver, such as alcohol, drugs, sleep deprivation, etc. The aim of a fit-for-duty-test is 
objectively assess sleepiness in order to assess a person’s ability to do the driving task and predict critical level of 
drowsiness that may increase safety risk. There are some testing devices often used for measuring sleepiness in fit-
for-duty test. Some devices are based on performance related metrics and reaction times, such as Psychomotor 
Vigilance Task (PVT), Occupational Safety Performance Assessment Test (OSPAT), and Online Continuous 
Performance Test (OCPT) (Dawson, Searle, & Peterson, 2014).  
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In contrast, real time monitoring is used to evaluate neuro-physiological and cognitive changes during task 
performance (Dawson et al., 2014). The result can be used to encourage sleepy drivers to stop driving before it is too 
late. There are several indicators that can be used to measure sleepiness, such as occular changes, brain waves, 
changes in facial expressions, and body position and postural changes. Oculomotor measurement use frequency, 
duration, and/ or rate of eye closure as parameters to assess sleepiness. Brain waves can be measured by using 
electroencephalography (EEG). In field studies, quantification of driver sleepiness can be rated by observer-ratings 
carried out with continuous video recordings (B-ORS).  A trained analyst judges the sleepiness based on drivers’ 
facial expression, body movements, postural changes and duration of eyelid closures. 
Sleepiness is a complex multi-dimensional phenomenon hence it is unlikely to be appropriately assessed by 
one single indicator of sleepiness or test (Ahlstrom et al., 2013). The purpose of the present study was to investigate 
if a combination indicators of sleepiness can be used as a fit-for-duty-test that was capable of assessing if a driver 
was fit to drive. There were two approaches used in this study, including the PVT and B-ORS. Both devices were be 
validated against subjective measures of sleepiness. Due to large variability on the individual level and low within-
individual correlations, there was no performance testing in the development of the test (Basner & Rubinstein, 
2011).   
 
Methods 
 
Participants 
A total of 12 participants, aged 30 – 40 years old (min = 30, max = 40, mean = 35.6, SD = 3.4) were recruited 
for the study. All participants were experienced drivers with valid licenses, at least three years of driving experience 
(min = 11, max = 23, mean = 18.0, SD = 2.7), and who had driven at least 5,000 km annually. The participants 
selected had normal or corrected-to-normal vision ability. Participants had no medical constrain and no motion 
sickness. Participants were asked to avoid caffeine and tea for 4 hours before the study and to avoid alcohol for 24 
hours before the study. Before the driving session, the participants filled out a background questionnaire and signed 
an agreement of confidentiality. They also signed an informed consent form. All participants were compensated for 
their time in this study.  
 
Apparatus 
 
Vehicle 
Motor vehicle used in this study was a Multi-purpose Vehicle (MPV). This type of car was commonly used both for 
commercial-used and personal used.  
  
Camera 
The camera used to record participants was Blackvue Cloud Dashcam FHD 60 FPS (DR750S-2CH Model) made in 
Korea with 4K UHD Resolution. 
 
PC-PVT 
PC PVT Software was used to measure Reaction Time (RT) needed to assess driver’s sleepiness. Software used in 
this study used visual stimuli, that displayed by monitor on laptop. Since this research was categorized as field 
experiment, the use of laptop was reasonable. Khitrov et al. (2013) explained that Central Processing Unit (CPU) or 
Graphics Processing Unit (GPU) was not significantly influenced the result. Sensitivity of RT measurement is 
determined by the type of mouse. Khitrov et al. (2013) also explained that best mouse used in performance task is 
gaming mouse, which has minimum delay transmitting time.   
 
Procedure 
Before the experiment, participants first signed an informed consent form and then filled out a demographic 
survey. The participants filled out sleep/wake diary during one day before the start of the study. When filling out the 
sleep/wake diary the participants also practiced at giving subjective sleepiness estimations using the Karolinska 
Sleepiness Scale (KSS). In the morning, participants were asked to drive a car between two major cities (110 
kilometers apart) back and forth. The entire trip was completed between 5 to 6 hours.  During the driving trip, the 
participants' face was recorded continuously. In addition, participants were asked to report KSS values every 20 
minutes. 
Before, during, and after the experiment, all the drivers were asked to perform the Psychomotor Vigilance 
Task (PVT).  The location of measurement was a steady place which participant could seat comfortably during the 
test. Each test was performed for 5 minutes. Specifically, subject should respond as fast as they could every time 
visual stimuli appeared on the computer screen. Visual stimuli appeared randomly on the screen at intervals of 2-10 
seconds. Reaction time (RT) was the difference between the time a stimulus appeared and the time a response was 
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given. Parameter used in this study was mean reaction time (mean RT). Participants were required to complete 2 
practice trials prior to the experimental period as the PVT has been reported to have a learning curve of 1-3 trials 
(Dinges et al. 1997).  
 
Experimental design 
In ﬁeld experiment, independent variables are not manipulated and randomization is not required. Field 
experiment may be used for exploratory or hypothesis testing with greatest strength in external validity, as 
participants are observed and measured in their natural environment (Belz, Robinson, & Casali, 2004). 
All dependent variables were subjected to repeated-measure with drive sessions (morning and afternoon 
sessions) as the only within-subject factor. Several variables of driver sleepiness were sampled throughout the 
experiment, including vigilance and performance on task posed by mean reaction time (PVT), driving behaviour 
based facial movements, eye-related behaviours, and body movements (B-ORS), and subjective estimations of 
sleepiness given by the participants (KSS). 
 
PVT 
Five-minute visual Psychomotor Vigilance Task (PVT) was used to evaluate sustained attention at 6 
different points of measurement during the experiment. This method has been used widely by researchers in order to 
understand the how different sleep profiles influence fatigue, sleepiness, and performance during real road drivings 
as well as simulated drivings. Parameter such as mean reaction time (RT) used in this study was determined by 
averaging all data on each of assessment points. If participants had a reaction time greater than 500 ms, the response 
was considered an attention failure and characterized as a lapse.  
 
B-ORS 
The behavioral signs of sleepiness could be categorized into the following 3 basic categories: eye-related 
behaviors (e.g. long eye closure, slow blink rate), facial movements (e.g. yawning), and body positions and 
movements (e.g. stretching, moving trunk forwards backwards) (Anund et al., 2013). B-ORS ratings could be 
carried out in two different ways: (i) real-time performed by raters in the car, and (ii) post-hoc based on video 
recordings of the driver’s face and body (Ahlstrom et al., 2015). The second way was used in the study since no 
raters is present in the vehicle. There were three main scales for B-ORS: 0 =’’Alert’’, 1= ’’First signs of sleepiness; 
no effort to stay awake’’, and 2 = ’’Severe sleepiness; great effort to keep awake’’. Note that the B-ORS method has 
received more attention lately due to its satisfactory correlation with subjective measures of sleepiness.  This 
method, however, requires trained analysts to be able to classify various different behavior into three distinct 
quantitative data.  This method can also be the basis for further automated analysis of sleepiness (via computer 
application) and technological (in vehicle) fatigue interventions. 
 
KSS 
Sleepiness could also be rated by subjective measures using self-reported sleepiness. It was focused on the 
Karolinska Sleepiness Scale (KSS), which is a nine-graded Likert-type scale (1 = “extremely alert”; 9 = “very 
sleepy, great effort to keep alert”). This method has been widely validated and used among researchers (Williamson 
et al., 2011) as an approach in subjectively assessing sleepiness during task performance.  
 
Data analysis 
All dependent variables were subjected to repeated-measure analysis, with drive sessions (morning and 
afternoon sessions) as the only within-subject factor. The B-ORS estimation was carried out by looking at the last 
minute in an interval of 20 minutes. Moreover, KSS was reported every 20 minutes by participants. PVT data is 
taken 3-times each session, i.e. before driving, midway, and after driving. 
Nonparametric or distribution-free procedure was used in the study. To see how correlations of B-ORS, 
PVT, and KSS, the significance level was tested with a nonparametric approach (Spearman’s correlation). Wilcoxon 
signed rank test was conducted to see if differences existed between sleepiness indicators in the morning and 
afternoon sessions. 
 
Results 
 
PVT 
Mean reaction time (RT) measurement was divided into 2 groups, morning and evening. As shown in Figure 
1, RT value in the evening (mean = 633.129 ms) was higher than RT value measured in the morning (mean = 
540.725 ms). Both were significantly different with p-value 0.015. 
 
 
1st Conference on Industrial Engineering and Halal Industries (CIEHIS)  
Program Studi Teknik Industri, Fakultas Sains dan Teknologi, UIN Sunan Kalijaga Yogyakarta 2019                                                                                    
ISSN 2715-5382 
 
34 
 
 
 
  
Figure 1. PVT morning vs afternoon 
 
B-ORS 
The B-ORS results was shown in Figure 2. The average of B-ORS was 1.329 with 0.717 of standard 
deviation. B-ORS between the morning and afternoon sessions were significantly different (p-value = 0.002), as 
shown in Figure 3. The B-ORS rating was lower in the morning session (mean = 1.093) than the afternoon session 
(mean = 1.523). 
 
 
Figure 2. B-ORS results 
 
 
 
Figure 3. B-ORS morning vs afternoon 
 
Self-reported sleepiness 
The average Karolinska Sleepiness Scale (KSS) level was 4.708 with a range from 1 to 8. This indicates the 
driving task had indeed induced sleepiness. The self-reported sleepiness in the KSS (as shown in Fig. 4) revealed a 
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significant main effect of driving sessions (p-value = 0.002). The KSS rating was lowest in the morning session 
(mean = 3.769) compared to the afternoon session (mean = 5.477). 
 
 
 
Figure 4. KSS morning vs afternoon 
 
Correlation between indicators of sleepiness 
PVT and B-ORS significantly correlated to each other with correlation coefficient (r) 0.867 (see Table 1). 
Both B-ORS and PVT were correlated to KSS. The correlation between the B-ORS and KSS were high (r = 0.874). 
Meanwhile, correlation between mean RT PVT and KSS were moderate (r = 0.441).  
 
Table 1. Correlation between indicators of sleepiness 
 
Indicator  PVT B-ORS KSS 
PVT Correlation Coefficient 1.000 .867** .441** 
 Sig. (2 tailed) - .000 .000 
B-ORS Correlation Coefficient  1.000 .874** 
 Sig. (2 tailed)  - .000 
KSS Correlation Coefficient   1.000 
 Sig. (2 tailed)   - 
 
Discussion 
The aim of this current study was to investigate the sensitivity of several potential indicators of driver’s 
sleepiness to task related factor and circadian phase. The main findings of this study were that fitness-for-duty test 
and real time monitoring technique could be used as driver’s sleepiness indicators.  Both methods, i.e. PVT and B-
ORS, significantly correlated with self-reported sleepiness score. These findings reinforce the fact that vigilance was 
a strong indicator of sleepiness (Baulk et al., 2009), and driver’s behavior could detect variation of sleepiness 
symptom (Anund et al., 2013). 
Mean response time in the afternoon session increased 17% compared with the morning session. This 
showed that subjects performance degraded as the driving duration increased, which was a symptom of vigilance 
impairment. Trick, Enns, Mills, & Vavrik (2004) explained that vigilance impairment indicate the increase of 
driver’s fatigue. Furthermore, mean RT for both sessions are higher than 500 ms. Reaction time more than 500 ms 
(known as lapse) is another symptom of vigilance impairment (Basner et al., 2011). The higher the level of 
sleepiness, the more the lapses appeared.  
This study also found that substantial increase in reaction times occurred after 2.5 hour of driving, a 
(fatigue) phenomenon that has been reported by Blatter et al. (2006). Dorrian, Roach, Fletcher, & Dawson (2007) 
suggested that 11% increase of mean RT could be categorized as high level of fatigue. This symptom was found 
after 270 minutes of driving compared to the response time measured at the beginning of the experiment.  
Align with PVT results, KSS score increased as a function of driving duration. Afternoon session was 
characterized by higher scores (44%) than those from the morning session. Mean RT also significantly correlate 
with KSS score. Correlation between both methods were categorized as moderate correlation (r > 0.4). This was a 
confirmation that driving is in fact a cognitively fatiguing job (Gimeno, Cerezuela, & Montanez, 2006).  
Meanwhile, the results showed that observations based on driver behavior (B-ORS) were sensitive to detect 
sleepiness. During driving at morning session, the greatest level of B-ORS was closed to 1. Higher B-ORS levels 
occurred during driving at afternoon session with an average above 1.5. At the beginning of driving the score of the 
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B-ORS had an average of 0. From this study the highest B-ORS score was obtained after driving for roughly 100-
140 minutes. The highest B-ORS score on the return trip occurred during minutes 80-100 and 160-180. In line with 
this, B-ORS showed sensitivity in reflecting sleepiness associated with physiological signs. This was supported by 
the fact that B-ORS and KSS had a high correlation (r> 0.8). This showed that assessors can detect variations in 
driver sleepiness when there were changes in eye indicators, movements and facial expressions, and also body 
positions and movements. 
Anund et al. (2013) explained that the B-ORS score shows a time pattern. During initial driving the alert 
level still high, B-ORS is about zero. B-ORS levels can be somewhat higher during daytime driving. Although the 
B-ORS score started at a low level at the beginning of the trip, the average level was almost 1 after 30 minutes of 
driving. Furthermore, the average level of ORS reached almost 1.5 towards the end of the 1.5 hour driving session. 
Another issue brought up by Anund et al. (2013) was that B-ORS correlated with blink duration. This showed that 
eye-related cues were an important input source for B-ORS. Thus, the current research was in line with previous 
investigations addressing and employing B-ORS. 
It was probably as expected that the score of KSS and the B-ORS score systematically increased. For 
instance, when the B-ORS was 0, the KSS scores were between 1 and 3; when B-ORS was equal to 1, KSS scores 
increased to about 2 to 6.  Finally, when the B-ORS was around 2, the KSS scores were between 5 to 8. Thus, the 
level of sleepiness that was self-assessed can actually follow patterns of B-ORS. This was demonstrated by the fact 
that B-ORS correlated well with KSS (r> 0.8). Thus, the B-ORS also showed that the fatigue experienced by the 
driver was indeed considered as mental fatigue, facts that were supported by blink duration and frequency data. 
Research results of Anund et al. (2013) showed that the B-ORS method can detect general variations of 
sleepy drivers in field studies. Note, however, that sudden increase in driver's sleepiness could not be detected 
easily. Other studies conducted by Ahlstrom et al. (2015) involving drivers who had travelled for 160 km on the 
highway had the result that B-ORS and subjective measurements matched 41% of the driver's video at various 
stages. The conclusion of these studies showed that video-based B-ORS scores correlated with self-reported 
sleepiness (i.e. KSS). B-ORS assessment should be conducted by trained analysts or experts. Still, the issue 
commonly argued among researchers is whether high inter-rater reliability exists.  Regardless of this issue, it is 
probably safe to conclude that driver’s behavior is in fact a valid and potentially reliable approach in investigating 
drowsy drivers. 
 
Conclusions 
This study demonstrated the fact that driving on highway continuously for several hours was actually 
mentally fatiguing.  The study found that sleepiness could be observed even within an hour (or two) following the 
beginning of a driving task.  Both PVT (for fit for duty purposes) and behavior measures (as real-time fatigue 
monitoring technique) could be used for assessing the degree of fatigue and sleepiness satisfactorily.  It is 
suggested here that both methods be employed together in order to grasp a more complete profile of sleepiness prior 
to and during a driving task.   
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